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HAPTENIC PROPERTIES OF PAMYTIC SHEKLLFISH POISON

1. Introduetion

In a previous quartarly report (1) evidence was presented to indlcate

that conjugates of paralytic shellfish poison ad foas lin treated bovtne

serum albimim (PI]PIC3-IIWA) elicited produtio of antibLodies to rabbits,

The "ra f 'ou rabbits which vms capable of precipitating tme henolosoms

antigen wma foumd also to be capable of protecting white oe against the

lethal effects of paralytic shellfish poison (Fly). The expuslmtal pot-

tiie of this report includee a amory of the studies coufirstg md nteusd-

Log thee obtervatioam, to" additiofal intoruatlon oa the atu e of 7n?

p ilfiotion o FIN? rom toxic elim stplmo.

1?. Experivmntal

t--moolosis al ineantiLation th P-I- _ ,Ao

in view of the suacessful production of rabbit antimerm capable of

uautralihiS the tazic iffects of 7? as reported last quarter, additfLoaL

studies were couduted to determinea the reproducibility of these results.

Six 5-Lb. rabbits were sta ted on an iumunimation progrm employl g

ani Antiamn nra-naratinn and Injaettimn orhtl1o 44mt4ral Om Mi1al.r'k*mv

described in the Seventh Quarterly Report (1). Three of these rabbits

received a total of 20 LnJections of antigen (equivalent to 50 mg, of BSA

protein). Trial bleedinte and titration. for precipitating end nomtrl l-

Lng antibodies were made after the aniwals received 25-and 50-mg. doses..



The three remaining rabbits died during the course of Inmunization as

follows: rabbit 20 received 25 mg. (10 injections) and died of unknown

causes during the 7-day interval between the 10th injection and trial

bleeding-erum was not available; rabbit 22 received 22.5 mg. (9 injections),

died within 10 minutes after 9th injection and serum was not collected;

rabbit 23 received 30 el. (12 injections), was found dead 2 days later

at the time the 13th injection was to be administered, and serm wee

not available.

in order to facilitate a more conventional issunination schedule

and reduce the man-hours associated with preparing fresh antigen prior

to each injection, the antigen wes lyophilieto stored at -10' C., re-

cfeetituted to volum, and injected at the 2.5 we, (1.0 ml.) antigan

protein level, This preparation proved to be quits teals ta abbita

when amdintstered intravenously or when injected subcutanaeusly with

Freund's adjuvant.

The results of titrations of oara collected from the rabbits

which received a total of 25 mg. and 50 a. of antigen protein are shin

in Tables I and 11 respectively. These data reveal that generally poer

antibody response an measured by precipitin reaction was elicited by the

antigen. This finding is comparable to that reported last quarter, Me

rabbit out of the three displayed good titer after 25 mg. was administered

but displayed little, if any, increase after administration of an addi-

tional 25 mg.



Tests were also performed with these sere to determine whether

antibody capable of neutralizing PSP was formed. One .l. of undiluted

serum number 19 (after 25 mg. lmunization) was found to protect 19- to

21-grm nice (Hawilton Laboratories) against 0,3 microgrms PeSp per al.

when administered I.?. Serum obtained from rabbit 19 prior to imunisa-

tioi did not provide any protection to the mice (See Table 11). Berum

from rabbit 19 collected after a total of 0 m. antigen protein had been

injected also protected sice when administered As a 1.0 al. I.P. inJection.

Dilutions of this Iame er oim (112, 13, ad 1iS) did not prevent death of

mica, but extended death times were observed in relation to the dilution

used (See Tote %V). lava frm rabbtes 18 And 21 (Is* Tibia V) did not

p~oe~ -". d t Lat a .~e slightlyw im Ctzza M! th=s notad .for the

The e date, together vith those reported in the Sevonth quarterly

Report (1) indicate PiP-MMOI4- antigae is capable of slicitiqm sae

neutralisiq~g antibody for toxin. Kovver, it appears to be a weak anti-

Son ad dissociates readily with the release of sulficient toxin to kill

the test animals unless extreme caution is exercised In handlini the

antigen, lecause of these difficulties, little serum has been collected

to date, and sdditional studies on alterate tests for demonetrating anti-

body to P9'7 have iiot been accomplished, At this point, it is difficult to

assess tie merits of this antigen, The inconsistent development of anti-

bodies among test rabbits Li observed too often to be ignored, On the

other hand, the development of protective antibodies by a few rabbits
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diccates that this type of antigen preparation be pursued further. Ac-

cordingly, six additional rabbits are presently receiving injections of

freshly prepared antigen. It is anticipated that sufficient sara vill

be obtained from these rabbits to permit additional imunological

investigations.

Attepts were mad* to immize rabbits with aquious extracts of

gonyaullu catIM1h calls as follows: 1.0 g. of vet, packed caells was

hoe~nimed in a Koo#ee K-885451 Sins C (Iushl) tissue grinder to yield

approzimately 99% cellular disruption. The homogenate was diluted 1;20

in distilled water, centrifiuled at 10$000 g. for 10 minutes in the cold,

and the espernate filtered through an ultra-fim si tered glass filter.

tLl e-treat WAS ausasd or FU omemutVratiou by maM of the Mones tent

a" fomwd toe astan eewrximately 10 mturvaraw of POt per %1, This

indicatd the original packed calls contained at least 200 siarrame of

Ut? par gra. Several 5- to O-lb rabbiWs were injeoted with thi material

via various routfs and at varieou vo 1n Levels, and it was found t et

initial 1,0 ml, T.V, or vbeutaneous injeolon# were lethal. IutraparLtoneal

injection, up to v,,-m1, voluse were tolerated, Contequentlyo three rab-

bits were imuaninad with this antigen by admintistering 1.5 ul. IFP. njtc-

tions on an amery-other-day schedule, Rabbit number 12 received a total

of 16 injections (equivalent to 240 micrograms PSP) and trial bleedings

and titrationu were made after 4, 8, 12, and 16 injections. During the

course of immunilation, severe fibrOmae developed at the sites of injec-

tion in the =scls vall covering the peritoneal cavity. The animal has not

been sacrificed to date, and it is difficult to ascertain the exact locatlon

-4-



of these masses by external examination. Two additional rabbits (numbers

16 and 20) received respectively 60 micrograms and 45 microgramw equiva-

lence of PS by means of a similar injection schedule. Rabbit number 16

developed severe, mcoid diarrhea after 3 injections; whereas, rabbit num-

ber 20 developed the same syndrome after 4 injections. Injections were

discontinued on these rabbits in an effort to alleviate their distress.

Both rabbits were bled 7 days following the last injection (15 *l. by

cardiac puncture), Rabbit 16 died three days after blooding and rabbit

20 one day after bleeding, At the time of death, both rabbits were suf-

fering from diarrhea, and both had developed the fibroma* described above.

The sera obtained from these rabbits were titrated for precipitin

titer against the homologous antimen a M-RCO-13A, These results ane

shw n in Table VI an indicate that tbe material is not very autimnic nd

antibodies produced to it do not reset with the cionjugated FW-U-RO-3SA

antigen. These sera were also used to protect mis in neutralisation tests

with no success (Sea Table VII),

Preparation of antigen.

All FSP-HCHO-BSA antigen used in the irus.nologieel ltidipe thile far,

including those presented herein, has been prepared accordilg to the

procedure outlined in the Seventh quarterly Report (I), unless otherwise

NT€AC Fled.

Since preparation of small quantititas on a bi-weekly basis is incon-

venient and time consuming, the feasibility of preparing large quantitites



of lyophilized antigen is presently under investigation. It is believed

that storing the antigen prepa ration in a dry form may inhibit the pre-

viously observed dissociation of conjugated PSP from its protein carrier.

Thus far, sme success has been attained. It has been possible to lyophilise

a dialysed PSP-RCHO-ISA preparation and redissolve the dried powder. Initial

intravenous injections into rabbits of these redissolved antigens have often

resulted in death, owvevr, the mouse bioasay of the reconstituted antigen

irdicates a toxicity equivalent to 2 l/ml. of P8F. Although this mount

of poison would not be expected to be fatal to rabbits, there may be further

rapid dissociation of poson f llowing injection. Alsoo when a dried anti-

gen is redissolved, its initial toxicity doubles in less than one hour when

WAd at 230C.t Indieating very rapid dis tli=tAon of P0 under theta eoa-

ditiws to additieo, the redissolved antigen obsw a marked teudency to

denaeture slowly with tims and rapidly vitth moderate agitati,. The toxic

effects of this denaturation have not yet been determined, It is evident

that additional work will be required to detertin, the relative tonicities,

protein stabilities and rates of PI dissociation in lyOphilibed and non-

lyophilised antigen preparations.

$tud1s on thv cohilal vtsts -of FS? In toxie alln liahm.s

In the last report (1)a sa m'mnary of studies on th dialymsability of

PRP contained in 0. catanalla was Presented.  These results indicated that

P9? does not exist as a stable protein conjugate in these cells am recuived

in the frozen state. Similar studies on the chemical state of the poison
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in toxic clam siphons have now been urdertaken. These studies revealed

that when ground frozen clam siphons were dialyzed 24 hro. at 25C., there

was quantitative recovery of PSP in the dislysates, indicating that, as

in the case of frozen G. catenella cells, PSP does not exist in a stable pro-

tein conjugated form in toxic clam siphons.

While the dialysis studies described above were of considerable value

in obtaining evidence for the presence or abience of PS3-protain conjugates

in Q. L&enella calls and toxic clam siphocs, any such conjugates actually

present could be expected to be labile to hydrolysis. Hence, the posuibilLty

remined that the lengthy and rigorous dialysis procaduree euployed could

have resulted in hydrolysis of such conjugates resulting in the role&e

o If f-h. 4A41.-AM& shalifich poison; In1 4o effort to detqVmire Whe~ther 5iith

did occur in the owns ul to-^; cl= :ihe %, 4tttatjal mcoe dirtt mid

rapid exp imental methods were &m"loyed. The most extensive of thoese

stuises wire on the toxic properties of saline extracts obtained from alins

suspensiono of hoo niuad clam siphons, These extracts wets obtained by

suspending 2-3 g. of ho Ogenied clam siphon tissue in physiologioal saline

to a total volume of 25 MI., centrifuging at 7500-8000 rpm for twenty

minutes and decanting the sowhat opaescent aupernatant. This procedure was

carried out at 0-50C. and 25-308C. and in both cases the P97 woo evenly

distributed between the solid and liqcid phases. However, as shown in

Table V1111 bioassay of these extracts without acidification resulted in

an apparent toxicity of only 73-78% of that potentially available upon acid

hydrolysis of the sam extrActis

-7-



This effect could be due either to the presence of PSP conjugated

proteins having reduced toxicity or to the pH effect on the bioassay. In

order to determine whether the soluble proteins contained conjugated PSP,

they were precipitated under non-acidic conditions, acid hydrolyzed and

bloasmayed. When these precipitates were obtained either by boiling five

minutes or by lead aetate precipitation in the cold (5"C.), they contained

no more than 10% of the total PSP available in the saline extracts, This

mll amount is regarded as insignificant aM could be the result of

simple physical adsorption on the precipitates anid Incomplete washing,

The low toxicity of protein precipitates obtained under non-acidic con-

ditions indicated that the pH effect in the biossamy may be involved in the

low apparent toxicity of saline extracts ojhan assayed without acidification,

Studies on the effect of pH an the toxicity of pu iii*evI w a:e uiat'

in a effort to determine whether this effect could account for the results,

Two solutions of purified PGP were made up in identically tha sa way, except

that oa (Solution A) wee made up at pH 4.50 and the other (Solution B) at

pH 7,25, Tesa solutions wve bioesayed periodically fe sixteen days.

As showni in the Table IX the toxicity of Solution B at pH 7.25 dropped to

78% of its original in one day and remained constant thereafter. Solution

A retained its original toxicity during the entire time., On the sixteenth

day half ok Solution B was acidified to pH 3, The toxicity then increased

to 9el o ice original and reumified to ;w , toazutyn Qthen Amy

These data indicate that the affect of pH on the toxicity of PSP can

account for the low apparent toxicity observed in unacidified saline extracts

of clam siphon tissue,
-8-



III. Projected Research for First quarter, FY 1963

In view of the protection afforded mice against the lethal effects

of paralytc shellfish poiann by the sere from rabbits injected with

PSP-HCHO-ISA, studies will be extended on the nature of the antibody

responses elicited by these antigen*. Techniques will also be investi-

gated to reduce toxicity and to impart better antigenic properties to

these conjugates.

IV. Isolation and Purification of Paralytic Shellfish Poison

To date 0l10 pounds of toxic elm siphons have been received from

Alaska. Assuming 70% yield in the pvification process, these siphons

ripra;r tin- .fr akxut 6.ft alms of purified PIP,

A proeduere a bee devalapW &NE tb4 ±Aftiem and ",purif flmatien

of the poison which utilimas the beat features of the methods described

by Sehants at at (2) and those developed in connection with the quantita-

tive chemical assay procedure of W47arren at at (3), Briefly., the process

consists of

(a) preparation of a triohloroacetic acid extract of clsm siphons,

(b) absorption and elution of the extract cm IRC 50 ion exahangs

column at pH 5.2,

It) absortLiot and elution of the first column eluate on the GC 50

ion exchange column at pH 5.2,

-9-



(d) conversiom of second column eluate from an aqueous to an

alcoholic solution,

(e) chromatographic purification of the alcoholic solution of

PSP on an activated alumina columi,

(f) concentration and drying of the purified alcohol extract.

One 100-lb lot of ground elm siphons has been partially purified

by passing through the IUC 50 and OC 50 tot exchange colams. Sma loss

of poison was experienced due to the operation of the column at above

optimm flow rates and as a result of a miscalculation related to the

capacity of the IRO 50 resin. It is believed that these difficulties have

now been overcoe and the second batch of elm siphons is buing put through

the initial purification step. Also the partially purified PS? from the

first lot is beaing carried through tn. remainm i . "t ar.

appear to be no unforesaen difficultieas associated with this pbase of the

purif ication process.
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Table I

Precipitin Titer of PAbbit Anti PSP-MCRO-JSA Sera after
Immulzation with 25 mg. of PS?-ICHO-BSA Antigen Prote

Sartme Antigen* lutlose of Asti3mS
o.* 0,4 ml./cubs 1:2 1:4 l18 1:16 1:32 1:64 1:128 1:256 10512 1W1024

PSY-CHO-MA - - - + + + + +
18

IctO-ISA - - - + + + + + +

PP-NCO-SA - - + 2+ 4+ 4+ 3+ 3+ 2+ +
19

WiHO-BSA - - + + 2+ 4+ 4+ 3+ 2+ +

-,-,- -- - . . -.--.-

*4 Irm diluted itS 0.4 al, par tube,

Mrm-saline aomtrola WOgativs.

Antilen-IalS-ue acoutrla negative.
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Table I

Precipitin Titer of Rabbit Anti PSP-HCHO-BSA Sera after
I munization with 50 mg. of PSP-HCHO-BSA Antigen frotein

Serui Antigens Dilution of Antigen
No,* 0.4 al./tube 1:2 1:4 1:8 1:16 1:32 1:64 1:120 1:256 1:512 1:1024

FSP-=CHO-ISA . . . . . . . . . .
18

iHCO-BSA .. . .. .

POP-HCHO-ESA 3+ + - 4+ 4 4+ 4, 3+
19

MCHO-USA 3 ± 2+ 4+ 4+ 4+ 2+ +

21 
++ 2

*Serum diluted 1:5, 0.4 ml. per tube.

serum-saline controls nelative,

Antige U-aline controls negative.
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Table III

Passive Immunization of 19 to 21 g. White Mice to PSP by IP Injection
of Rabbit Anti PSP-HCHO-BSA Sera Produced in Response to 25 mg.

of Antigen Protein

Dilution of
Serum Injected(a) Mouse Number Time of Death(b)

Rabbit 19 preiumunization 1 4 min, 10 sec.
Wormal serum 2 7 sin. 20 aec.

3 6 min. 10 sec,

4 No death

Rabbit 19 serum No death
Undiluted 6 No death

7 14 min, 44 sec.
Rabbit 19 :sru 8 21 min. 31 sac,
DIluted 1:2 9 26 min, 24 sec.

1910 __o death""-bi 19 19 -i. 3se.
Diluted 1:3 min, 33 see,

13 14 min, 52 see.
Rabbit 19 serum 14 14 min, 49 sec,
Diluted 1:5 15 14 min, 19 sec.

Rabbit 19 marum(c) 16 No death

Undiluted 18 No death

16 6 min, 0 sec,
Sterile distilled 17 5 min. 43 sec.
Water 18 6 min. 12 sect

(a) Mice received two 1,0 ml. IP injections of serum; 1.U ML. Z4jnoure prior

to challenge followed by a second 1.0 ml. dose 4 hours prior to challenge,

(b) Mice yere challenged by IP injection of 1.0 ml. of aqueous solution of PSP

containing approximately 0.289 micrograms per ml..

(a) U. rccvd e 10 ml. PI Injection of serum 4 hours prior to challenge.
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Table IV

Passive Immunization of 19 to 21 g. White Mice to PSP by Injection of Rabbit
Anti PSP-HCHO-BSA Sere Produced in Response to 50 mg. of Antigen Protein

Dilution of
Serum Injected(a) ose Number Ti of Death(b)

1 No death

Rabbit 19 serum undiluted 2 No death
3 No death

4 24 min. 7 see,

Rabbit 19 serum diluted 1:2 5 19 miin. 48 sec.
6 20 min. 0 see.

7 8 min. I1 sec,
Rabbit 19 serum diluted 13 8 12 min. 22 seoc.

9 17 min. 10 sec.

10 6 min, 17 set,

Rabbit 19 terus diluted 1!5 11 7 mi. 5z see,
12 7 min, 40 see.

13 NO death

Rabbit 19 serum undiluted(c) 14 No death
15 No death

16 5 min, 29 sec,
Sterile distilled water 17 6 min, 55 sec,

18 4 tin. 53 nec,

(a) Mice received two .0 mi. I? injections of serum; 1,0 ml. 24 hours prior to

challenge followed by a second 1.0 ml, dose 4 hours prior to challenge,

M"" Mice were cnaLtan8ui iy Z! .. 1., ........ ... .. t..n Of P P
cnntaining approximately 0.299 micrograms pe mi.

(c) Mice received one 1.0 ml. IF injection ot serum 4 hours prior to challenge.
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Table V

Passive Imunization of 19 to 21 g. White Mice to PSP by Injection of Rabbit
Anti PSP-HCO-BSA aid HCRO-3SA Sera Produced in Response to 50 mg.

of Antigen Protein

injected fndilutd ( a )  Houas. Number Tim of Doath(b)

1 8 rai. 29 gee,

Rabbit 18 Anti PSP-NCHO-AM serum 2 8 min. 6 sec.
3 7 mto. 36 set,

4 9 m. 27 i, .
Rabbit 21 anti P-P-71iCO-BA usrum 5 9 min. 29 mee.

6 12 win. 24 #ao.

7 6 min, 56 see,
A-bbit 6 anti U4S8A ilsru sin, 31 sec,

10 5 win, 29 e6o.
sterile distilled water 1 6 min, 55 ou,

12 4 sin. 53 age,,

(a) Haic rsccivld two 1,0 ml, P in cttions of serum; 1,0 al, 24 hours prior to
challenge followed by an additional 1,0 .l, does 4 hours prior to oallenge,

(b) t is were challenged by IF injeotcion of J.0 ml. or aqueous solution of PS?
containing approximetely O,29Q micrograms per oii.

-15-



Table VI

Precipitin Titer of Rabbit Sera Produced in Response to I.P, Injections
of Gonyaulax catenella cellular Homogenate Diluted 1:20 in Water

Serum number* Antigens - Dilutions of Antitens
0.4 Ik,/ubeL - 1:2 1:4 1:8 1:16 1:32 1:64 1128 1:256 1:512 1:1024

12 - after G~catenella +r + + + ± - -

receiving
60 micrograms PSP-HCHO-BSA .-. ..

-PSP equivlv*en, I .....

12 -after Goatenali. + + + 2+ 2+ + + ± .
receiving
120 microorams PSP-HCHO-BSA . . .. ..

--Pap equivalent, ._. ....- -

12 - after GCcatenalls + + + 2+ 2+ 2. + t -

receiving
190 micrograms FSP-HCHO-BSA ...
IPO siivallmt, _

12- aft+r I 11 + + 2 z 2+ + +

240 microgram PSP-HCHIO-SRA ...

16 - after Otnll_ + ....
receiving
60 micrograms PSP-ICo-SA .. . . . .. .

20 - after ga,,teI - - - ± + + ± -

45 micrograms FSF-HCZO-5SA ... . ..
PBSP eautvalent, -___....... --.. _ __ __

*Serum diluted 1:5; O.4 ml. per tube.

Ca..,tM uma4mm Ant antlaan maltn* enntrole nesative.
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Table VII

Passive Irmnization of 19 to 21 Sram White Mice to PSP by Injection of
Rabbit Anti gonyaulax catenella Sero

Serum injectad undilutsd(a) Mouse Number Titm of Death(b)

Rabbit 12 antiserum produced in 1 7 min. 15 sec.
response to 240 micrograms PSP 2 5 min. 2 sec.
equivalent. 3 6 main. 36 sec.

Rabbit 16 antisarua produced in 4 4 min. 55 see.
response to 60 microgram PSP 5 5 min. 33 see.
equivalent. 6 6 min, 0 see.

Rabbit 20 antioerum produced in 7 6 min. 58 sc.
response to 45 microgrms PBP 8 5 min. 30 ea.
equivalent,. 9 6 min. 15 sec.

5 main. 29 8&4.
sterile distilled water 11 6 Lain. 55 ec

12 4 min, 53 sac.

(a) Mice received two 1.0 ml, I,P, injection# of serum; 1,0 ml. 24 hours prior
to challenge followed by an additional 1.0 .. I dose 4 hours prior to
challenge.

(b) Mice were challenged by I.. injection of 1.0 ml. of aqueous solution of
PSP containing approximately 0.299 micrograma per ml.
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Table VIII

Influence of Temperature and Acid Hydrolysis of Saline

Extracts of Toxic Clam Siphons

Weig ;t Toxicity of Toxicity of % of Potential
Siphon Temperature Unscidified Acid Hydrolyzed Toxicity in

Tissue of Extraction Extract Extract.:; Unacidified Extract

2,10 S. 25-300 C. 1.31 Ag iSP/ml 1.77 jig PSP/ml 73

2,68 g. 0-50 C. 1.72 pig,'PSP/ml 2.32 ig PSP/ml 74

3.14 S. 0-50 C, 2.09 ,&g PSP/ml 2.66 p4 PSP/ml 78

Table IX

Influence of pH and Time on the Concentration of PSP
l&4,ZU4&.WA rR U UUNm

Solution A Solution B Solution C
Time pSP at pH 4,50 PSP at pH 7.25 Solution B Acidified
in Days

0 13.2. p$i/ml 13.3 jAg/mI

1 13.2 pag/ml 10.4 pg/ml

8 13.1 pg/ml 11.5 4g/Ml

10 13.4 pg/mi 10,3 pg/ml

17 10,6 j.g/ml 12.1 pg/ml
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